I. INTRODUCTION

P
OWER Line Communications (PLC) have been extensively deployed both for in-home high speed networking and for smart grid operation management [1] , [2] . In this latter context, PLC are used as a mean of controlling and monitoring the power flow of the grid. They enable the exange of information among devices as meters as well as monitoring/control devices and switches. Thus, PLC also foster the developement of routing strategies for both power and data information, as well as coordination algorithms for distributed computation. With these capabilities, the smart grid is able to self control the power flows from different distributed sources to optimize the user power demand, avoid energy waste, and to balance the network loads to obtain the maximum power transfer efficiency.
For all the aforementioned tasks, a fundamental requirement is the knowledge of the network topology, which might not be complete or might not properly track the topological changes due to, for instance, the commutation of power switches. For these reasons, some recent proposals aimed at devising a method to infer the power line distribution network topology in a real-time fashion, without using prior topological information [3] , [4] . These methods propose a two step approach: firstly, the distance between each PLC node and all the others is estimated; then, an algorithm is applied to infer the topology. Although [3] , [4] present different inference algorithms, they both require an estimate of the distance between the PLC modems, which is obtained from estimation of the propagation time of the signal transmitted from one PLC modem to another.
In this work, we present a novel method to derive the topology of a distribution network that exploits the capability of PLC modems to measure the network admittance, and we report the most significant results.
II. APPROACH AND RESULTS
PLC modems enable the network admittance measurement at each node of the network. From the knowledge of the network admittance, it is possible to infer the network topology by properly manipulating the equations of the transmission line theory. Differently from [3] , [4] , both the distances between the PLC nodes and the topological information are learned in a single-step algorithm, which saves operational time and limits the error propagation. In particular, we rely on the theorem demonstrated in [5] , which states:
When the cable parameters are known and the impedance measurements are perfect, the topology (graph and branch lengths) of any line network in which
where d is the branch length and i, j are node indexes, can be exactly derived by means of a recursive use of transmission line equations, with the exploitation of the measured network admittances and the available cable parameters and loads. Our approach has three important properties: firstly, it needs the admittance measurement to be performed at a single frequency, which allows the choice, at every time instant, of the frequency with the highest SNR; secondly, the topology inference capability is in principle not limited by the dimension of the network but by the maximum admitted line length, which is an inverse function of the frequency adopted to perform the measurement; finally, since the network admittance is measured at the transmitter side, the signal-to-noise (SNR) ratio is much higher than the SNR at the receiver. For example, in the Cenelec A band the injected power is in the order of -15 dBm, while the PLC background noise ranges from -70 dBm to -90 dBm [6] , so that the SNR is higher than 55 dB. Moreover, the admittance measurement noise is directly related to the classical voltage noise, so that the admittance-to-noise ratio (ANR) can be greater than the SNR, depending on the transmitter output admittance [5] . Hence, with a proper tuning of the transmitter admittance, the minimum ANR can reach values up to 85-90 dB. In order to test the above mentioned algorithm, we developed a new full bottom-up PLC network simulator similar to [7] , [8] that generates random topologies where the number of branches follows a Poisson distribution. The network admittance at all the nodes of the generated network are then computed and perturbed by colored Gaussian noise. The topology learning algorithm is applied on thousands of network realizations in order to validate it. In Figure 1 , the results for networks with 5 to 30 ndes as a function of the ANR are shown. In this example, we set a maximum cable length of 500 m and measure the network admittances corrupted by noise at 10 kHz. At this frequency the typical SNR in PLC networks (considering just the background noise) is around 60 dB, and an optimal ANR is around 95 dB. Figure 1a shows that, for example, the topology of a 30 node network is correctly identified in about 90% of the realizations, with the mentionned ANR. On the other hand, Figure 1b shows for the same scenario the percentage of correctly detected topological elements (connection of two modems and branch length) when the total topology has not been correctly identified. Interestingly, a considerable part of the network is correctly identified even for rather low SNRs.
III. CONCLUSION
This paper has introduced a novel approach for topology estimation in the context of distribution networks, exploiting the capability of the PLC modems to measure the network admittance. Future research will focus on the use of advanced estimation techniques to better estimate the topology in the presence of error in the parameters and of more complex sources of noise.
